Objective: To determine the prevalence of gestational diabetes mellitus in a large general obstetric population and its variations depending on the presence of risk factors, and to evaluate how the gestational diabetes screening strategies applied might modify the observed prevalence in the population. Design: A retrospective cohort study. Methods: The study population was a total of 2574 pregnant women. Information about risk factors, screening and diagnosis of gestational diabetes was obtained. Frequency of risk factors under the American College of Obstetrics and Gynecologists (ACOG) and the American Diabetes Association (ADA) criteria, and observed and expected prevalence of gestational diabetes mellitus were calculated and compared for statistical significance. Results: Age $ 30 years, family history of diabetes, obesity and previous fetal macrosomia were the most frequent risk factors. Under ACOG recommendations, 45% of our general obstetric population would have been exempt from gestational diabetes mellitus screening, as compared with only 15.5% under ADA guidelines. Sixty-five patients were diagnosed as having gestational diabetes mellitus, giving an overall prevalence of 2.5% (confidence interval 2.0 -3.2). Among the low-risk women, prevalence values were 0.6% and 0.5% respectively under ACOG and ADA criteria, whereas for those presenting one or more risk factors rates were 4% and 2.9% respectively. Conclusions: In our general obstetric population, gestational diabetes mellitus prevalence was found to be approximately six times lower among low-risk gravidae than among the high-risk subjects, suggesting that selective screening might be beneficial. Nevertheless, selective gestational diabetes mellitus screening under ADA criteria seems to entail the same disadvantages as the selective screening strategies without any apparent benefits.
Introduction
Gestational diabetes mellitus (GDM) is defined as a state of carbohydrate intolerance of variable severity and evolution, which develops or is first detected during pregnancy (1 -3) . Classically, it is associated with an increase in perinatal morbidity and mortality, as well as a greater frequency of long-term complications in the mother and her offspring, consequences that would justify its proper identification and treatment (4 -10) . Moreover, GDM is the most frequent metabolic problem during gestation: its prevalence is estimated to range between 2% and 5% of all pregnancies (2, 3) in industrialised countries, although estimations may run anywhere from less than 1% to over 16% of all pregnancies (11) . The extension and characteristics of GDM screening and diagnosis (1 -3, 12 -14) , and the type of population studied (15 -18) are probably the main reasons for this wide variation in prevalence figures. At the same time, methodological deficiencies may lead to biased estimations. According to Hadden (11) , 'Most published studies are of an anecdotal type, relating to small groups of patients studied at one maternity hospital, and do not necessarily reflect the true nature of the disorder in that particular country'.
The Sant Vicent Declaration underlines the need to update epidemiological knowledge about diabetes in general, and calls for methodologically rigorous studies able to provide reliable data for comparison (19) . With this aim in mind, the present population-based study evaluated: (a) the overall prevalence of GDM in a large (2780) general obstetric population, (b) its variations depending on the presence of GDM risk factors and (c) how specific GDM screening strategies may affect figures for observed prevalence.
Subjects and methods

Design and population
This was a retrospective cohort study. The eligible population consisted of all the pregnant women giving birth in the San Cecilio University Hospital of Granada (SCUH) between 1 January and 31 December 1995. The SCUH is a tertiary public hospital with 750 beds, operating under the Andalusian Health Service; it is the centre of referral for the southern part of the Province of Granada (Andalusia, Spain), covering a population of approximately 425 000. As a maternity hospital, it covers a population of some 290 000 inhabitants. Both family practitioners and obstetricians usually monitor pregnancies on a periodical basis, though high-risk pregnancies are supervised mainly by the obstetrician. Criteria for inclusion in our study were: (a) having regular residence and medical attention within the area of referral of the SCUH, (b) having a singleton pregnancy, (c) making a first visit to the doctor before week 28 of gestation and (d) gestational age at delivery $ 28 weeks. The exclusion criteria were: primary diabetes (type 1 or type 2) or carbohydrate intolerance diagnosed before gestation, a pregnancy not under medical control and pregnancies and deliveries involving a high obstetric risk which, under other circumstances, would not have been attended to in the SCUH. From a total of 2780 deliveries registered in the SCUH in 1995, 2574 (92.6%) fulfilled the criteria for inclusion in our study.
Diagnosis of GDM
Spain's National Health Service has a free prenatal care programme for all pregnant women. The regional Andalusian Public Health Authority (20) recommends that all pregnant women be tested for GDM between weeks 24 and 28 of gestation, with a 50 g oral glucose challenge test (GCT). Plasma glucose is measured 1 h after ingestion of the glucose load; a value $ 7.8 mmol/l is considered positive, requiring a standardised 100 g 3-h oral glucose tolerance test (OGTT) for the confirmatory diagnosis of the disease. In the presence of GDM risk factors, it is recommended that the GCT be moved up to the first medical visit during pregnancy, and if negative then repeated after week 24 of gestation. The 100 g 3-h OGTT is to be interpreted according to the recommendations put forth by the National Diabetes Data Group (1), with results considered to be indicative of GDM when two or more of the four plasma glucose values are greater than or equal to: 5.8 mmol/l in a fasting state, 10.6 mmol/l at 1 h, 9.2 mmol/l at 2 h and 8.1 mmol/l at 3 h.
Sources of information and study variables
The birth register, an official volume kept at all hospitals and filled out as a requirement under Spanish legislation (21) , was the primary data source. It contains information about date of delivery, name, age, address, number of the medical record of the parturient, number of previous children and pregnancies, type of pregnancy, antecedents, obstetric formula and information about delivery and the newborn. The maternal health booklet, which contains the data recorded at each monthly checkup during pregnancy (number of visit, week of gestation, maternal weight, blood pressure, general observations, antecedents, results of analytical or ultrasound investigations and specification of any medication or treatment), was also studied for all the gravidae. In cases where some of this information was missing, or the maternal health booklet could not be located, we obtained data through mailings or phone interviews with the mother. Using the above sources of information, the following variables were considered. (a) Outcome variables: performance or not of the GCT and OGTT, week of gestation at testing and results of glucose determinations for both tests. (b) Risk factors: variables considered separately as risk factors for GDM were maternal age ($ 25 or $ 30 years, according to the criteria of the American Diabetes Association (ADA) (3) or the American College of Obstetrics and Gynecologists (ACOG) (14) ), history of diabetes mellitus in a firstdegree relative, chronic hypertension, body mass index (BMI) $ 27 kg/m 2 , history of GDM or macrosomia, polyhydramnios, hypertension induced by the pregnancy, suspected large fetus for gestational age, and an obstetric history including two or more miscarriages, perinatal mortality or congenital malformations in previous pregnancies. Furthermore, two new variables were designed: the number of GDM risk factors per woman and classification as either high or low risk for GDM. The high-risk group comprised gravidae with at least one of the aforementioned risk factors and was first defined using ACOG criteria (age cutoff 30 years or older) and then ADA criteria (age cutoff 25 years or over) (3, 14) .
Analysis of data
An analysis of losses was carried out first, comparing the women with complete medical and obstetric information with those for whom some relevant information was missing. The Pearson Chi 2 -test was used to compare proportions, and the Student's t-test and the Mann-Whitney test for the comparison of means.
Two estimations of GDM prevalence were obtained: observed prevalence (number of confirmed cases among the total study population) and expected prevalence. To obtain expected prevalence, we calculated the expected number of GDM cases among those women who had not been screened or did not know if they had, and then we added the observed cases plus the expected ones. To estimate the expected number of cases, the observed prevalences for each stratum of women defined by their risk factors were applied. The 95% confidence interval (CI) for all estimations was calculated by means of the exact method for a binomial. Statistical analyses were performed with SPSS (SPSS Inc., IL, USA) and Epi Info 6.04a (Centers for Disease Control and Prevention, GA, USA) packages.
Results
While 2574 women fulfilled the inclusion criteria, all relevant clinical and obstetric information was available in 2380 cases (92.5%). Screening had been documented in 1962 women (76.2% of the study population), was definitely not done in 425 (16.5%) and was not known in 187 cases (7.3%). There were no significant differences with regards to the presence or absence of GDM risk factors between this latter group of women and those for whom information about performance and results of GDM screening could be collected (data not shown), except for age: women without data about GDM screening tended to be younger (27.7 versus 28.7 years old; P , 0:05). The GCT gave a positive result in 294 women, 259 of whom (88%) also had the OGTT. The confirmatory test was likewise performed for 23 pregnant women who had shown negative in initial screening yet presented some risk factor. Overall, GDM was confirmed in 65 women, meaning an observed prevalence of 3.31% (95% CI 2.57-4.21) among those screened and 2.53% (1.95 -3.21) among the whole cohort. Table 1 presents the distribution of frequency for each of the GDM risk factors, along with the observed prevalence of GDM for each stratum. Age was clearly the most frequent GDM risk factor for our population. In following ADA criteria, 80.3% would have required screening merely on the basis of being 25 years or older. This proportion decreased to 41.8% when the cutoff age of 30 years or over was used (as proposed by the ACOG). Of the remaining GDM risk factors, family history of diabetes (14.8%), weight over 27 kg/m 2 (12.3%) and macrosomial antecedents (4.9%) were the most frequent. The greatest observed prevalences of GDM were for the antecedent of GDM itself (38.1%), obesity (BMI $ 30 kg/m 2 ; 14.3%) and chronic hypertension (11.5%).
The distribution of women according to their inclusion in the high-or low-risk group as well as the number of risk factors per woman is given in Table 2 . A total of 1138 women (44.2%) did not present any risk factors under ACOG recommendations, compared with only 15.5% under ADA guidelines. Screening covered 70% of the women presenting no risk factors. The percentage of coverage increased consistently along with the greater number of risk factors, for both ACOG and ADA criteria ðP , 0:001Þ: Table 2 also shows observed and expected GDM prevalences for each group. Based on the distribution of women with regard to risk factors, and in light of the number of cases confirmed among the screened mothers, an additional 13 cases might have been detected in the whole sample (12 if the data-derived ADA criteria is used to compute it): ten among the unscreened subjects and three among the 187 uncertain cases. Thus, if the screening programme had been carried out in 100% of the population, a maximum of 78 cases of GDM might have been detected, giving an expected prevalence of 3.07% (CI 2.44 -3.81).
According to ACOG criteria, the observed prevalence was 4.04% (CI 3.08 -5.19) in the high-risk group, as opposed to 0.6% (CI 0.25 -1.26) in the low-risk group. The corresponding expected prevalences, if all the pregnant women had been screened, would be 4.74% (CI 3.70-5.96) for the high-risk group and 0.88% (CI 0.42 -1.61) for the low-risk group. When groups were defined in accordance with the ADA criteria, the difference between the two estimations decreased: observed prevalences were 2.9% (CI 2.23 -3.69) in the high-risk group and 0.5% (0.06 -1.79) in the low-risk group. Regardless of the criteria applied, a marked dose -response relationship was seen between the number of risk factors and GDM prevalence ðP , 0:001Þ:
Discussion
The prevalence of GDM and the distribution of its classical risk factors in general populations of pregnant women are key considerations for determining the optimal GDM screening strategy. There is continued debate between proponents of routine screening for all pregnant women (1, 2) and those who propose it strictly for selected populations presenting GDM risk factors (3, 14, 22) . Moreover, those who advocate selective screening may not agree on the criteria used to define high-risk women (3, 14) . The members of the US Preventive Service Task Force state that, to date, no conclusive evidence can be upheld in favour or against routine GDM screening, for which reason its current recommendations are based largely on subjective criteria (22) .
The great disparity in the estimations of GDM observed across studies (11, 13, 15 -17, 23 -28) can further complicate this matter. Previous studies have placed the prevalence of GDM as low as 1% and as high as 16%. The type of population studied, and the extension and characteristics of GDM screening and diagnosis, may help to explain such differences. Notwithstanding, the degree of selection of the study population is clearly influential, and very selected high-risk populations will probably not reflect prevalence trends in the general population. In contrast with many other studies based on small and/or very selected cohorts of gravidae (11, 15, 17, 24 -26, 28) , the main strength of the present population-based study is that the sample size is large enough to yield valid and accurate estimations for GDM prevalence as well as for the frequency of GDM risk factors in a general European obstetric population. The figures we obtained for observed and expected GDM prevalence, respectively 2.53% and 3.03%, are consistent with the roughly 2 -3% prevalence expected among white pregnant women from non-selected populations of industrialised countries (2, 3, 11, 27 -29) , yet lower than rates reported in studies of very selective populations (11, 15, 17, 24 -26, 30, 31) . When these figures are broken down into women with/without GDM risk factors, our findings are also consistent with those of other population-based studies (31 -33) .
Analysis of the risk factors showed the most frequent ones to be older age, family history of diabetes, obesity and macrosomial antecedents. This same order of importance is documented in other studies (23, 30, 31, 34, 35 ). Yet it is noteworthy that our survey identified the antecedent of GDM itself in only 0.8% of the women, a frequency much lower than that reported in other series (30, 35) . A relatively low parity among our population and the limited frequency of screening and diagnosis of GDM before 1995 in our province may partially explain our low figure for this risk factor. In another Spanish study, Corcoy et al. (24) identified the antecedent of GDM in 1.01% of the gravidae (24), similar to our results. The fact that there were only three non-white pregnant women in our cohort makes it impossible to analyse race ethnicity as a GDM risk factor.
The variations in GDM prevalence depending on the strata of maternal risk factors observed in our study are largely in agreement with earlier studies (16, 17, 24, 27, 28, 32, 34) . The greatest prevalence of GDM was for the antecedents of the disease itself in previous pregnancy, obesity and chronic hypertension. The relationship between obesity, hypertension and carbohydrate intolerance is well documented, and continues in pregnancy. Obesity is a noteworthy risk factor for diabetes in general and GDM in particular. The frequency of GDM increases with the BMI of the woman. Given that obesity is a problem more and more frequent in industrialised countries, and is one GDM risk factor that might be reduced, it would seem to be the most appropriate objective for GDM prevention programmes.
Using ACOG criteria, just over half the women of our study (55.8%) presented one or more of the established risk factors, a proportion within the range reported by other studies using the same age cutoff (40 -60%) (23, 30, 34, 35) . Yet when using the ADA criteria (3), 84.5% presented some risk factor, meaning that only 15.5% would be in the low-risk group exempt from GDM screening. In light of this situation, the debate over universal versus selective screening would lose significance under the ADA criteria. In contrast, this debate is highly relevant if we accept the ACOG criteria, according to which approximately 50% of gravidae would be exempt from selective screening. Moreover, the proportion of cases of GDM that would go undetected under a policy of selective screening would be 10 -12% with ACOG criteria, as opposed to 3-4% under the ADA recommendations. The importance of underdetecting GDM should be assessed in the context of short-and long-term consequences for the mother and newborn, including the impact of GDM treatment on them. These aspects of the disease still remain unclear (22, 29, 36, 37) .
The estimated prevalences we observed in women with no risk factors under the ACOG or ADA guidelines were 0.6% and 0.5% respectively. That is, per 1000 gravidae, one case of GDM might go undetected using the ACOG screening criteria compared with ADA criteria. If we bear in mind that 450 women would be exempt from screening under the ACOG recommendations, yet only 150 exempt under the ADA criteria and if, moreover, we consider the cost and complexity of selective screening programmes, the ADA recommendations would not offer any clear advantages over universal screening in a population such as ours.
Regarding the methodology applied in our study, its retrospective character could generate problems related to a selective follow-up bias and/or a classification bias for some of the variables collected. With regard to the former, we acknowledge the loss of those pregnant women who miscarried, though it is unlikely that any potential miscarriages would be associated with GDM. Furthermore, losses of gestating women delivered at a private hospital are very low (approximately 8% in our area) because of the free and universal coverage of the Spanish Health System. The analysis of losses when medical records were located but some information was missing, on the other hand, suggests a profile for the group of 'missing data' as younger women and with fewer GDM risk factors. This would suggest a lower frequency of GDM as well: expected prevalence for GDM in the whole sample (3.07%) is slightly lower than the observed prevalence for screened women (3.31%). Meanwhile, any significant classification bias is unlikely due to the fact that all the variables used are well defined in most cases, both in the birth register and in the mothers' medical records.
The aim of our study was not to take a firm position either in favour of or against selective or systematic screening for GDM, but rather to simply assess how the screening strategy used might affect the number of gravidae who would be exempt for screening, and the number of cases diagnosed. The subject of GDM screening as a public health strategy calls for a deeper and more thorough analysis than the one presented here. The choice of one technique or another does not only depend on the number of women screened or of cases diagnosed; the effects of the disease on the mother and the newborn, the effectiveness of the treatment, and the cost -benefit relationship of the programme should be assessed. In this sense, the clinical importance of GDM and the magnitude of its impact on mother and offspring is a controversial matter, and therefore about the overall utility of the GDM diagnosis and treatment (37 -39) . The room for debate appears even greater when we consider the wide definition of GDM, the different criteria used for its diagnosis and the role of other risk factors involved both in the neonatal period and the disease itself. What is needed, at this point, is conclusive prospective research to determine the actual costs of the different types of screening per se, the accuracy of the diagnoses and medical treatment of confirmed cases of GDM, beginning with the need to unify the screening and diagnostic criteria for this difficult topic.
In conclusion, GDM prevalence among low-risk gravidae may run from 0.5% to 0.6% in a general obstetric population, depending on the age cutoff used in defining risk factors (25 or 30 years respectively). Prevalence would be roughly six times higher in a high-risk obstetric population. Rigorous studies are now needed to properly assess the usefulness and cost-effectiveness of GDM screening and diagnosis. The prevalence we observed among low-risk women, however, would seem to suggest that selective screening is desirable only when fairly restrictive criteria are applied in defining the gravidae at risk and, therefore, a significant proportion of the population is exempt from screening.
